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Abstract: The reports from various researchers across the world show that, biodiesel obtained from Transesterification 
process would contribute for the extension of the stock of petroleum fuel. Due to the higher viscosity, raw vegetable oil 
poses problems, such as clogging of fuel nozzle, starting trouble during winter etc. Hence in this experimental
investigation, transesterified Adelfa oil (Nerium Oil Methyl Ester – NOME) is used as the test fuel and the results are 
compared with diesel fuel. Most of the biodiesel show better results as far as the emission parameters are concerned. A 
kirloskar SV1 model single cylinder, constant speed water cooled engine is used in the experimental setup. In this 
experimental work, the injection timing is retarded and advanced by 3o, from manufacturer set value of 27o before Top 
Dead Centre (bTDC). The various emission parameters chosen are hydrocarbon emission, carbon monoxide emission, 
smoke opacity emission and Oxides of nitrogen emission. Varying the injecting timing show, promising results except for 
NOx emission. Hence remedial measure has also been discussed. 
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INTRODUCTION
Biodiesel has been under research for past many 
years, for blending with petroleum diesel as it has 
better heating value than vegetable oil and doesn’t 
require any major modification in the engine. In few 
countries, it has been used in compression ignition 
engines, with a smaller rate of blending. The various 
biodiesel fuels under research are Jatropha, karanja, 
cotton seed, pongamia, sea lemon oil etc. Another 
criterion to be considered in choosing the source 
(vegetable oil) is that, it should be non edible oil, as 
edible oils are used for cooking purpose. 
Transesterification process, which is also known as 
alcoholysis is used for producing biodiesel from 
vegetable oil. Transesterification (also called 
alcoholysis) is the reaction of a fat or oil with an 
alcohol to form esters and glycerol [1]. If the alcohol 
used is methanol, Transesterification is also called as 
Methanolysis. Methanol and ethanol are used most 
frequently, especially methanol because of its low 
cost and its physical and chemical advantages (polar 
and shortest chain alcohol) [1]. When compared to 
conventional diesel, biodiesel has the advantages of 
high cetane number, low smoke, low particulates, and 
low CO and HC emissions; also it is non toxic and 
biodegradable [2]. Biodiesel fuel has another 
advantage of less ozone (smog) forming potential and 
sulfur emissions when compared to vegetable oil [3]. 
Adelfa is an evergreen shrub or small tree in 
the dogbane family Apocynaceae. It is the only 
species currently classified in the genus Nerium. It is 
most commonly known as oleander, from its 
superficial resemblance to the unrelated olive Olea
[4]. As the pressure and temperature at the beginning 
of injection are lower for higher ignition advance the 
delay period increases with increase in injection 
advance [5]. The use of biodiesel also reduces the 
emission of carbon-di-oxide contributing in the 
reduction of effect [6]. The use of biodiesel can 
extend the life of diesel engines because it is more 
lubricating than petroleum diesel fuel [7]. It is 
established that injection timing influences all engine 
characteristics significantly. The reason is that 
injection timing influences the mixing quality of the 
air fuel mixture and hence the whole combustion 
process [8]. In this experimental investigation, the 
injection timing is advanced and retarded to find out 
optimum injection timing. Injection timing plays a 
role in influencing the combustion, by mixing of fuel 
and air. 
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EXPERIMENTAL SETUP AND METHODOLOGY
Figure 1 Experimental setup
A kirloskar SV1, naturally aspirated, single cylinder 
constant speed engine is used for the experimental 
investigation. Crypton EN290 series, gas analyzer is 
used for measuring hydrocarbon (HC), Carbon 
monoxide (CO) and Oxides of nitrogen (NOx) 
emission. An analog to digital convertor (ADC) is 
used to convert the signals from crank angle encoder 
and pressure pick up sensor and feed the same to data 
acquisition system. AVL smoke meter is used to 
measure smoke opacity. 
The readings for diesel has been taken with the 
manufacturer set injection timing of 27o bTDC and 
biodiesel fuel used with varying injection timings. 
The injection timing is retarded to 24o bTDC and 
advanced to 30o bTDC and 33o bTDC. The injection 
timing is adjusted by spill method by adding and 
removing the leaves in the injection pump. After 
every removal and addition of the leaf, the injection 
timing is checked manually. The load is applied by 
eddy current dynamometer and readings are taken 
from zero loading to full load condition. 
RESULTS AND DISCUSSIONS
Brake thermal efficiency
Figure 2 Brake power Vs brake thermal efficiency
Figure 2, shows the effect of the injection timing for 
A20 biodiesel for various load conditions. For all 
load conditions and for all injection timings the brake 
thermal efficiency is found to be maximum at three 
fourth of load condition. The maximum efficiency is 
obtained with diesel fuel to a value 25.608%. The 
decrease in the efficiency are found to be 11.71%, 
3.71% and 3.87% when the injection timings are 24o
bTDC, 27o bTDC and 33o bTDC. But the brake 
thermal efficiency is found to be 25.502% when the 
injection timing is 30o bTDC. It is almost close to 
diesel, the reason may be due to chemically correct 
mixture present during combustion. But the brake 
thermal efficiency decreases, when the injection 
timing is further advanced to 33o bTDC due to the 
reason that, rich fuel mixture which further leads to a 
lower combustion. Brake thermal efficiency depends 
on heating value and specific gravity. Combination of 
heating value and mass flow rate affects the energy 
input to the engine and thereby brake thermal 
efficiency [9]. 
Hydrocarbon emission
Figure 3 Brake power Vs hydrocarbon emission
From figure 3, it is observed that the hydrocarbon 
emission increases when the injection timing is 
retarded and decreases when the injection timing is 
advanced, for both diesel and A20 biodiesel. This 
may be due to the fact that fuel is optimally injected 
such that proper diffusion of the biodiesel takes 
place. The hydrocarbon emission is found to be 73 
ppm at maximum load, with petroleum diesel with 
standard injection timing. The increase in 
hydrocarbon emission is found to be 2.74%, when the
injection timing is retarded to 24o bTDC. The 
decrease in hydrocarbon emission is found to be 
11.87% and 8.21%, when the injection timing is 
advanced to 30o bTDC and 33o bTDC. The increase 
of hydrocarbon emission is more at 33o bTDC, which 
may be due to the more amount of fuel is injected 
into the combustion chamber because of the 
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advancement in the injection timing, which leads to 
excess consumption of biodiesel. Advanced injection 
timing was observed as the optimum condition for 
HC emission at all loads [6]. The interesting feature 
of the trends with biodiesel blends is that the HC 
levels are lower than petro-diesel fuels as biodiesel 
consists of oxygen molecules.[10].
Carbon monoxide (CO) emission
Figure 4 Brake power Vs Carbon monoxide emission
Figure 4 compares the carbon monoxide emission of 
A20 biodiesel with diesel fuel. It is observed that the 
CO emission increases with the decrease of injection 
timing and decreases when the injection timing is 
advanced. The CO emission is higher at initial load
condition and decreases gradually with the increase 
of load, for both diesel and A20 biodiesel. The 
decrease CO emission is found to be 5.88%, 9.44%, 
22.35 % and 16.47% when the injection timings are 
24o bTDC, 27o bTDC, 30o bTDC and 33o bTDC. A 
least CO emission is obtained, when the injection 
timing was 30o bTDC, which may be due to proper 
diffusion and combustion. On advancement the fuel 
blend had sufficient time to undergo the combustion 
process whereas it had lesser time on retardation [11].
Smoke opacity emission
Figure 5, shows the smoke opacity emission for 
diesel and A20 biodiesel blends. The experimental 
results show that the smoke opacity emission 
increases when injection timing is retarded and 
decreases when injection timing is advanced. This is 
caused mainly due to the poor 
atomization  and  combustion  because  of  the  
higher  viscosity  of  the  blends [12]. The increase in 
smoke opacity is found to be 32.1%, when the 
injection timing is retarded to 24o bTDC. The 
decrease in smoke opacity is found to be 3.84% when 
the injection timing was advanced to 30o  bTDC. 
Further increase of injection timing increases the 
smoke opacity 61.9 HSU. Hence optimum injection 
timing would be 30o bTDC. 
Figure 5 Brake power Vs smoke opacity emission
Oxides of nitrogen emission
Figure 6 Brake power Vs oxides of nitrogen (NOx) 
emission
Figure 6 compares the oxides of nitrogen (NOx) 
emission of A20 biodiesel blend with diesel. It is 
found that, NOx emission increases with the increase 
of injection timing with A20 biodiesel fuel than 
diesel. The amount of NOx produced is a function of 
the maximum temperature in the cylinder, oxygen 
concentrations, and residence time [13]. The decrease 
in NOx emission is found to be 18.04% when the 
injection timing is retarded. The increase in NOx 
emission is 24.01% with A20 biodiesel at standard 
injection timing (27o bTDC). The increase in NOx 
emissions are found to be 42.02% and 35.43% more 
than diesel, when the injection timings are 30o bTDC 
and 33o bTDC.
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CONCLUSION
The experimental investigation is focused on 
analyzing the emission characteristics for Adelfa 
biodiesel (Nerium Oil Methyl Ester – NOME) at 
various injection timings. The following are the 
results obtained.
 The decrease in brake thermal efficiency is 
found to be 11.41% and  when injection 
timing is 24o bTDC and 3.71% when the 
injection timings are 24o bTDC and 30o
bTDC.
 The increase in HC emission is found to be 
2.74%, when the injection timing is retarded 
to 24o bTDC and decrease in HC emission is 
found to be 11.87% when the injection 
timing was advanced to 30o bTDC.
 The decrease CO emission is found to be 
5.88% at 24o bTDC and 22.35 %  at 30o
bTDC.
 Smoke opacity is increased by 32.1%, when 
the injection timing is retarded to 24o bTDC 
and reduced by 3.84%, when the injection 
timing was advanced to 30o  bTDC.
 The decrease in NOx emission is found to be 
18.04% when the injection timing is 
retarded and the increase in NOx emission is 
by 42.02% at 30o bTDC.
The overall results imply that the retarding the 
injection timing show remarkable results on emission 
parameters, but the penalty is efficiency. But the 
advancing the injection timing show better result in 
brake thermal efficiency, than retarding the injection 
timing. Hence it is concluded the optimum injection 
timing would be 30o bTDC, but for oxides of 
nitrogen (NOx) reduction fuel additive such as 
Diethyl ether (DEE) could be blended for a small 
percentage, which would not affect brake thermal 
efficiency as it has high cetane value. 
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